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Description 

Background of the Invention 

Field of the Invention 

[0001] This invention relates to a method for propa- 
gating vibration into a conductive fluid and a method for 
solidifying a melted metal using the same propagating 
method of vibration. 

Description of the prior art 

[0002] The control of solidification structure and the 
refinement can be performed effectively by imparting vi- 
bration into the melted liquid metal to be solidified. For 
example, it is well known that solidification process is 
started by imparting mechanical impact to a super- 
cooled liquid metal, it is also well known that fine struc- 
ture can be created by imparting vibration to a melted 
liquid metal during solidification and degasifying proc- 
ess is promoted by applying compressional wave to a 
melted liquid metal. 

[0003] On laboratory scale, by imparting a given me- 
chanical vibration to the whole of a vessel where a liquid 
metal is charged, a given vibration can be easily impart- 
ed to the liquid metal. On large industrial scale, however, 
it is difficult to vibrate the whole of a huge vessel me- 
chanically. Therefore, as of now, such an attempt is 
made as to position a magnetostrictive oscillator or an 
electrostrictive oscillator in a liquid metal, and thus, im- 
part a given vibration to the liquid metal. Also, such an 
attempt is made as to introduce a compressional wave 
which is generated by a speaker into a liquid metal and 
thus, impart a given vibration to the liquid metal. 
[0004] However, if such a magnetostrictive oscillator 
or an electrostrictive oscillator is employed, it may be 
melted or destroyed in the liquid metal, to contaminate 
the liquid metal. Also, the amplitude of the vibration to 
be imparted is restricted due to the limitation of the out- 
put power level of the oscillator. Moreover, if such a com- 
pressional wave is employed, it may be reflected almost 
entirely at the boundary between the liquid metal and 
the environmental atmosphere, not to be imparted to the 
liquid metal because the acoustic resistance between 
the liquid metal and the environmental atmosphere is 
increased. As a result, a method for propagating vibra- 
tion into a liquid metal is not be developed particularly 
on the large industrial scale, at present. 

Summery of the Invention 

[0005] It is an object of the present invention to pro- 
vide a new method for propagating vibration into a liquid 
metal which is usable on a large industrial scale. 
[0006] In order to achieve the above object, this in- 
vention relates to a method for propagating vibration into 
a conductive fluid, comprising the steps of: 



preparing a given conductive fluid, and 
applying a given static magnetic field and a given 
wave to the conductive fluid so as to satisfy the 
equation of: 

2icf<(a/p)B 2 (1) 

(f: the frequency (Hz) of the wave to be applied, a: 
the electric conductivity (S/m) of the conductive flu- 
id, p: the density (kg/m 3 ) of the conductive fluid, B: 
the strength of the static magnetic field (T) to be ap- 
plied), thereby to generate and propagate a given 
vibration into the conductive fluid. 

[0007] The inventors had been intensely studied to 
achieve the above object. Then, they had conceived that 
by applying an electromagnetic force to a melted con- 
ductive fluid such as a liquid metal, instead of conven- 
tionally utilizing a mechanical vibration, an oscillator or 
a speaker, a given vibration is generated and propagat- 
ed in the conductive fluid. 

[0008] From the past, it is well known that only a com- 
pressional wave can be propagated into a conductive 
fluid such as a liquid metal. On the other hand, the vi- 
bration originated from the electromagnetic force is a 
transverse wave. Therefore, in the present invention, 
the transverse wave is generated and propagated in the 
conductive fluid, to impart a given vibration to the con- 
ductive fluid. As mentioned above, since it is known that 
only a compressional wave can be propagated into the 
conductive fluid, the inventors had intensely studied to 
generate and propagate a transverse wave originated 
from the electromagnetic force. 

[0009] If a static magnetic field of relatively large 
strength is applied to a conductive fluid, a given distur- 
bance of magnetic field is generated due to the static 
magnetic field to be applied, and then, propagated in 
convection. That is, if the conductive fluid is moved un- 
der the static magnetic field, an inductive current is gen- 
erated and thus, the distribution of the static magnetic 
field to be applied is changed. In this case, the conduc- 
tive fluid is moved as the magnetic flux lines are at- 
tached to the fluid particles. 

[0010] Then, the inventors found out that by applying 
the static magnetic field and a given wave to the con- 
ductive fluid under the above-mentioned condition so 
that a given requirement is satisfied, a transverse wave 
can be generated and propagated into the conductive 
fluid. As a result, a given vibration can be generated and 
propagated in the conductive fluid by the electromag- 
netic force. This invention is realized on the vast re- 
searches and developments as mentioned above. 
[001 1 ] According to the propagating method of vibra- 
tion, a given vibration is generated in a conductive fluid 
by a given electromagnetic force originated from a static 
magnetic field and a wave. Therefore, without a large- 
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scale apparatus, the vibration can be easily generated 
in the conductive fluid. In this point of view, the propa- 
gating method of the present invention can be preferably 
employed on a large industrial scale. 
[0012] For example, the propagating method of the 
present invention can be preferably utilized for solidify- 
ing a melted liquid metal. In this case, a given static mag- 
netic field and a given wave are applied to the liquid met- 
al during the solidification process so as to satisfy the 
above-requirement according to the present invention. 
In this case, the size of the solidification structure can 
be controlled unrestrainedly, and thus, the solidification 
structure can be easily fined. 

Brief Description of the Drawings 

[001 3] For better understanding of the present inven- 
tion, reference is made to the attached drawings, where- 
in 

Fig. 1 is a schematic view showing an apparatus 
which is employed for solidifying a SnPb alloy according 
to the propagating method of vibration of the present in- 
vention. 

Description of the Preferred Embodiments 

[0014] This invention will be described in detail with 
reference to the accompanying drawings. In the present 
invention, it is required that a given static magnetic field 
and a given wave are applied to a conductive fluid so as 
to satisfy the above equation (1). Only if the equation 
(1) is satisfied, the kind of wave and the frequency of 
wave are not restricted. In a real process such as the 
solidification of a liquid metal, however, since the electric 
conductivity of the liquid metal is within a range of 10 5 - 
10 7 S/m and the density of the liquid metal is within a 
range of 10 3 -10 4 kg/m 3 , the equation (1) is satisfied by 
applying a static magnetic field having a strength within 
a range of several Tesla through several ten Tesla and 
applying a wave having a frequency within a range of 
several hundred Hz through several thousand Hz. For 
example the magnetic field strength may be in the ragne 
2 to 50 T and the frequency of the wave may be in the 
range 1 00 to 5000 Hz. 

[0015] In this case, a given disturbance of magnetic 
field is generated due to the static magnetic field to be 
applied and propagated in convention in the conductive 
fluid. That is, the distribution of magnetic field is deter- 
mined by the convection. Therefore, a given'transverse 
wave is generated and propagated in the conductive flu- 
id, originated from the magnetic force of the static mag- 
netic field and the wave, as mentioned above. As a re- 
sult, a given vibration can be generated and propagated 
in the conductive fluid, originated from the transverse 
wave. 

[0016] Such a static magnetic field can be generated 
from a super conductive magnet. Also, such a wave can 
be generated from a given external AC power supply. 



That is, an AC electric field from the external AC power 
supply can be utilized as the wave to be used in the 
present invention. In this way, the static magnetic field 
and the wave to be utilized in the present invention and 
5 satisfying the equation (1) can be easily obtained from 
the super conductive magnet and the external AC power 
supply, respectively. 

[0017] The transverse wave generated in the conduc- 
tive fluid when the equation (1) is satisfied is estimated 

io as an Alfven wave. The Alfven wave is being intensely 
researched in astronomical physics and plasma engi- 
neering, but not almost done in industrial field. There- 
fore, the Alfven wave is not almost utilized in the indus- 
trial field. In view of the industrial use of the Alfven wave, 

15 too, the present invention is quite important. 

[0018] The propagating method of vibration of the 
present invention can be employed for various industrial 
fields. Particularly, if the method is employed for solidi- 
fying a melted liquid metal, the solidification structure 

20 can be controlled freely, and then, fined. In addition, the 
method may be employed for degasification, promotion 
of refining reaction and control of solid-liquid boundary 
face configuration. 



[0019] The example where the propagating method 
of vibration of the present invention is applied for solid- 
ifying a melted metal will be described in detail, herein- 
30 after. 

(Example) 

[0020] In this example, such an apparatus as shown 
35 in Fig. 1 was employed, and an alloy having a compo- 
sition of Sn-10mol%Pb (hereinafter, called as a "SnPb 
alloy") was melted and then, solidified. In the apparatus 
shown in Fig. 1 , a cylindrical vessel 1 (internal diameter: 
30 mm, height: 150 mm) made of glass is employed, 
40 and electrodes 2-1 and 2-2 (each width: 10 mm, each 
thickness: 2 mm) made of Cu are disposed in the vessel 
1 so as to be opposite to one another. Also, an external 
AC power supply 3 is connected to the ends of the elec- 
trodes 2-1 and 2-2. The vessel 1 including the elec- 
45 trodes 2-1 and 2-2 is placed in a superconductive mag- 
net (not shown). 

[0021] A SnPb alloy 4 melted was charged in a depth 
of 120 mm in the vessel 1 , and then, the electrodes 2-1 
and 2-2 were immersed in the melted SnPb alloy 4 by a 

so length of 20 mm, respectively. Then, a static magnetic 
field of a strength of 10T was applied from the super 
conductive magnet (not shown) and an AC electric field 
of a frequency of 200 Hz and an amplitude of 1 00A was 
applied from the external AC power supply 3 to the Sn Pb 

55 alloy 4. Since the electric conductivity of the SnPb alloy 
4 is 10 6 -10 7 S/m and the density p of the SnPb alloy 4 
is about 10 4 kg/m 3 , in this example, the above equation 
(1) is satisfied by the static magnetic field and the AC 
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electric field as mentioned above. Under the condition, 
the SnPb alloy 4 was solidified at a cooling rate of 0.1 
K/sec. 

[0022] When the solidification structure of the SnPb 
alloy solidified was observed, the size of the solidifica- 
tion structure was about 1 mm or below at both of the 
upper side and the lower side of the vessel 1 . 
[0023] When the pressure of a wave propagating in 
the melted SnPn alloy 4 was measured by a sensor pro- 
vided at the bottom portion of the vessel 1 , it was turned 
out to be almost proportion to the current value of the 
AC electric field applied from the external AC power sup- 
ply 3. Therefore, during the above solidification process, 
it was turned out that a given Alfven wave was generat- 
ed in the melted SnPb alloy 4, and it is estimated that 
the Alfven wave was propagated in the SnPb alloy 4. 

(Comparative Example) 

[0024] Except that the static magnetic field and the 
AC electric field were not applied and thus, a given wave 
which is estimated as the Alfven wave was not propa- 
gated, the melted SnPb alloy 4 was solidified in the 
same manner as Example. When the solidification 
structure of the SnPb alloy solidified was observed, the 
size of the solidification structure was roughed at both 
of the upper side and the lower side of the vessel 1 . Par- 
ticularly, at the lower side of the vessel 1 , the size of the 
solidification structure was enlarged up to about several 
mm. 

[0025] Although the present invention was described 
in detail with reference to the above examples, this in- 
vention is not limited to the above disclosure and every 
kind of variation and modification may be made without 
departing from the scope of the present invention. 
[0026] As mentioned above, only by applying a given 
static magnetic field and a given electric field to a con- 
ductive fluid, according to the present invention, a given 
vibration can be generated and propagated in the con- 
ductive fluid without a large scale and complicated ap- 
paratus. Therefore, the propagating method of vibration 
of the present invention may be employed for various 
industrial fields, and for example, preferably as a solid- 
ification structure controlling method for a liquid metal 
melted. 



Claims 

1. A method for propagating vibration into a conduc- 
tive fluid, comprising the steps of: 

preparing a given conductive fluid, and 
applying a given static magnetic field and a giv- 
en wave to said conductive fluid so as to satisfy 
the equation of: 



2*f<(o7p)B 2 (1) 

(f : the frequency (Hz) of the wave to be applied, 
5 ct: the electric conductivity (S/m) of the conduc- 

tive fluid, p: the density (kg/m 3 ) of the conduc- 
tive fluid, B: the strength of the static magnetic 
field (T) to be applied), thereby to generate and 
propagate a given vibration into said conduc- 
f0 tive fluid. 

2. A propagating method as defined in claim 1 , where- 
in said wave to be applied to said conductive fluid 
includes an AC electric field from an external AC 

15 power supply. 

3. A propagating method as defined in claim 1 or 2, 
wherein a given disturbance of magnetic field is 
generated due to said static magnetic field to be ap- 

20 plied and propagated in convection in said conduc- 
tive fluid. 

4. A propagating method as defined in any one of 
claims 1-3, wherein an Alfven wave is generated 

25 and propagated in said conductive fluid, 

5. A method for solidifying a melted metal, comprising 
the steps of: 

30 preparing a melted metal, and 

applying a given static magnetic field and a giv- 
en wave to said melted metal so as to satisfy 
the equation of: 

2nf<(o/p)B* 0) 

(f : the frequency (Hz) of the wave to be applied, 
a: the electric conductivity (S/m) of the conduc- 
40 tive fluid, p: the density (kg/m 3 ) of the conduc- 

tive fluid, B: the strength of the static magnetic 
field (T) to be applied), thereby to generate and 
propagate a given vibration into said melted 
metal. 

45 

6. A solidifying method as defined in claim 5, wherein 
said wave to be applied to said melted metal in- 
cludes an AC electric field from an external AC pow- 
er supply. 

50 

7. A solidifying method as defined in claim 5 or 6, 
wherein a given disturbance of magnetic field is 
generated due to said static magnetic field to be ap- 
plied and propagated in convection in said melted 

55 metal fluid. 

8. A solidifying method as defined in any one of claims 
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5-7, wherein an Alfven wave is generated and prop- 
agated in said melted metal. 
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(f: the frequency (Hz) of the wave to be applied, a: the 
electric conductivity (S/m) of the conductive fluid, p: the 
density (kg/m 3 ) of the conductive fluid. B: the strength 
of the static magnetic field (T) to be applied), thereby to 
generate and propagate a given vibration into the con- 
ductive fluid. 
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(54) Apparatus for generating compression waves in conductive liquid 



(57) The invention intends to provide an apparatus 
for generating compression waves in a conductive liq- 
uid, which sufficiently enhances a strength of the com- 
pression waves by improving an ac electromagnetic 
force applying means that generates the compression 
waves directly in the conductive liquid contained in a 
vessel. 

To accomplish the object, the apparatus of the 
invention comprises a vessel containing a conductive 
liquid such as a molten metal and an ac electromagnetic 
force applying means provided around the circumfer- 
ence of the vessel, which generates the compression 
waves in the conductive liquid contained in the vessel to 
thereby achieve material improvement after the solidifi- 
cation of the conductive liquid. The ac frequency f of the 
ac applying means is set within a range given by the fol- 
lowing [expression 1], for a strong generation of the 
compression waves: 



en 
c: 



conductive liquid) 

permeability of the conductive liquid 
electric conductivity of the conductive liquid 
propagation velocity of the compression waves 
in the conductive liquid. 
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here, 



frequency (a major frequency when a wave-form 
of an electromagnetic force is developed by the 
Fourier transform, in case of the wave-form 
being a non-sine wave) 

characteristic length of the system (for example, 
a depth, a radius of the vessel containing the 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to an appara- 
tus for generating compression waves in a conductive 
liquid, such as a molten metal. 

Description of the Related Art: 

[0002] There have been poured intensive efforts in 
developing a technique that generates compression 
waves in a molten metal contained in a container and 
aims at an improvement of the tissues after the solidifi- 
cation of the molten metal and an enhancement of refin- 
ing capabilities. However, it is considered difficult, at the 
present stage, to efficiently achieve a higher strength of 
the compression waves, and satisfactory results have 
not yet been accomplished. 

[0003] Accordingly, it is an object of the invention to 
provide an apparatus for generating compression 
waves in a conductive liquid contained in a vessel, 
which improves an ac electromagnetic force applying 
means that generates the compression waves directly 
in the conductive liquid contained in the vessel, and 
thereby enhances the strength of the compression 
waves sufficiently. 

[0004] In order to accomplish the foregoing object, 
the invention discloses an apparatus for generating 
compression waves in a conductive liquid, which com- 
prises a vessel containing a conductive liquid and an ac 
electromagnetic force applying means that generates 
the compression waves in the conductive liquid con- 
tained in the vessel, in which an ac frequency f of the ac 
electromagnetic force applying means is set within a 
range given by the following [expression 1]: 

2 

— - — sfg ° ^° [expression 1] 
L 2 n\iG 2n 

Here, 

f: frequency (a major frequency when a wave-form 
of an electromagnetic force is developed by the 
Fourier transform, in case of the wave -form 
being a non-sine wave) 
L: characteristic length of the system (for example, 
a depth, a radius of the vessel containing the 
conductive liquid) 
u.: permeability of the conductive liquid 
a: electric conductivity of the conductive liquid 
c: propagation velocity of the compression waves 
in the conductive liquid 

[0005] Further, the invention discloses an appara- 



tus for generating compression waves in a conductive 
liquid, in which the ac electromagnetic force applying 
means is an ac magnetic field generating electromag- 
netic coil, which is provided around the circumference of 

5 the vessel. 

[0006] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
liquid, in which a dc magnetic field generating electro- 
magnetic coil is provided around the circumference of 

10 the vessel. 

[0007] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
liquid, in which the dc magnetic field generating electro- 
magnetic coil is a superconducting magnet, and the 

15 vessel and the ac magnetic field generating electromag- 
netic coil are inserted in the bore of the superconducting 
magnet. 

[0008] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 

20 liquid, in which the ac electromagnetic force applying 
means comprises a pair of electrodes that are installed 
at positions on the circumferential wall of the vessel fac- 
ing to each other so as to energize the conductive liquid, 
and an ac power supply connected to the electrodes. 

25 [0009] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
liquid, in which the dc magnetic field generating electro- 
magnetic coil is provided around the circumference of 
the vessel provided with the electrodes. 

30 [0010] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
liquid, in which the dc magnetic field generating electro- 
magnetic coil is a superconducting magnet, and the 
vessel with a pair of the electrodes is inserted in the 

35 bore of the superconducting magnet. 

[0011] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
liquid, in which the vessel is formed of ceramics and 
provided with a metal reinforcing material on the circum- 

40 ference thereof, and an ac magnetic field generating 
electromagnetic coil as the ac electromagnetic force 
applying means is provided overlying the vessel. 
[0012] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 

45 liquid, in which the dc magnetic field generating electro- 
magnetic coil is provided around the circumference of 
the vessel. 

[0013] Further, the invention discloses an appara- 
tus for generating compression waves in a conductive 
so liquid, in which the dc magnetic field generating electro- 
magnetic coil is a superconducting magnet, and the 
vessel is inserted in the bore of the superconducting 
magnet. 

[001 4] According to the present invention relating to 
55 the aforementioned apparatus for generating compres- 
sion waves in a conductive liquid, since the ac fre- 
quency of the ac electromagnetic force applying means 
that generates the compression waves in a conductive 
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liquid contained in a vessel is set within an appropriate 
range by the reason described later, the compression 
waves can be generated with a sufficient strength. 
Thereby, degassing of the conductive liquid and micro 
structuring of the tissues are effectively processed, and 5 
material improvement after the solidification of the con- 
ductive liquid will be brought about efficiently. 
[0015] And, when the ac magnetic field generating 
electromagnetic coil as the ac electromagnetic force 
applying means is installed around the circumference of 10 
the vessel, the compression waves will be generated in 
the conductive liquid with a simplified construction and a 
low cost. 

[0016] And, when, in addition to the ac magnetic 
field generating electromagnetic coil, a dc magnetic 15 
field generating electromagnetic coil is further installed 
around the circumference of the vessel, the superimpo- 
sition of both the electromagnetic coils effects a 
stronger generation of the compression waves in the 
conductive liquid contained in the vessel. Thereby, 20 
enhancement of the refining capabilities after the solidi- 
fication of the conductive liquid and improvement of the 
tissues will sufficiently be accomplished. 
[0017] Further, when, while the dc magnetic field 
generating electromagnetic coil is made up with a 25 
superconducting magnet, the foregoing vessel and the 
ac magnetic field generating electromagnetic coil are 
inserted in the bore of the superconducting magnet, the 
superimposition of both the dc magnetic field generating 
electromagnetic coil as the superconducting magnet 30 
and the ac magnetic field generating electromagnetic 
coil effects a still stronger generation of the compres- 
sion waves in the conductive liquid contained in the ves- 
sel, and material improvement after the solidification of 
the conductive liquid is achieved still more efficiently. 35 
[0018] Further, when the ac electromagnetic force 
applying means is made up with a pair of electrodes that 
are installed at positions on a circumferential wall of the 
vessel facing to each other so as to energize the con- 
ductive liquid in the vessel, and the ac power supply 40 
connected to the electrodes, and furthermore the dc 
magnetic field generating electromagnetic coil is 
installed around the circumference of the vessel, the ac 
magnetic field generating electromagnetic coil is not 
required. Accordingly, the total construction of the appa- 45 
ratus is simplified remarkably, and in addition, the com- 
pression waves are generated efficiently in the 
conductive liquid contained in the vessel so as to con- 
tribute to material improvement after the solidification of 
the liquid. so 
[0019] And, also in this case, when the dc magnetic 
field generating electromagnetic coil is made up with a 
superconducting magnet, in the bore of which is 
inserted the vessel with the electrodes, the effect of a 
strong electromagnetic force by the dc magnetic field 55 
generating electromagnetic coil as the superconducting 
magnet is superimposed on the effect by the ac electro- 
magnetic force applying means by a pair of the elec- 



trodes, which generates the compression waves still 
more effectively in the conductive liquid contained in the 
vessel, thereby achieving material improvement after 
the solidification of the liquid. 

[0020] Further, while the vessel maintains a suffi- 
cient strength reinforced by the metal reinforcing mate- 
rial, when it is provided with the ac magnetic field 
generating electromagnetic coil to overlie the vessel, 
the apparatus is able to generate intensified compres- 
sion waves in the conductive liquid contained in the ves- 
sel without being influenced by the metal reinforcing 
material. Thus, degassing of the conductive liquid and 
micro structuring of the tissues are effectively proc- 
essed, whereby material improvement after the solidifi- 
cation of the conductive liquid will be accomplished. 
[0021] Further, when the superimposition effect by 
the ac magnetic field generating electromagnetic coil 
provided overlying the vessel and the dc magnetic field 
generating electromagnetic coil provided around the cir- 
cumference of the vessel is configured to generate 
intensified compression waves in the conductive liquid 
contained in the vessel, the material improvement after 
the solidification of the conductive liquid will be achieved 
more appropriately. 

[0022] And, when the dc magnetic field generating 
electromagnetic coil provided around the circumference 
of the vessel is made up with a superconducting coil in 
pursuit for the superimposition effect by association with 
the ac magnetic field generating electromagnetic coil 
provided overlying the vessel, a still stronger generation 
of the compression waves in the conductive liquid con- 
tained in the vessel will be brought about, and a suffi- 
cient material improvement after the solidification of the 
liquid will be accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a perspective view to typically illustrate an 
apparatus for generating compression waves in a 
conductive liquid as a first embodiment of the 
present invention; 

Fig. 2 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a second embodi- 
ment of the invention; 

Fig. 3 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a third embodiment 
of the invention; 

Fig. 4 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a fourth embodi- 
ment of the invention; 

Fig. 5 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a fifth embodiment 
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of the invention; 

Fig. 6 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a sixth embodiment 
of the invention; 

Fig. 7 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a seventh embodi- 
ment of the invention; 

Fig. 8 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as an eighth embodi- 
ment of the invention; and 

Fig. 9 is an explanatory drawing to typically illus- 
trate an apparatus for generating compression 
waves in a conductive liquid as a ninth embodiment 
of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0024] Hereunder, the preferred embodiments of 
the present invention will be described with reference to 
the accompanying drawings, in which Fig. 1 is a per- 
spective view to typically illustrate an apparatus for gen- 
erating compression waves in a conductive liquid as a 
first embodiment of the invention; Fig. 2 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a sec- 
ond embodiment of the invention; Fig. 3 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a third 
embodiment of the invention; Fig. 4 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a fourth 
embodiment of the invention; Fig. 5 is an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a fifth 
embodiment of the invention; Fig. 6 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a sixth 
embodiment of the invention; Fig. 7 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as a sev- 
enth embodiment of the invention; Fig. 8 an explanatory 
drawing to typically illustrate an apparatus for generat- 
ing compression waves in a conductive liquid as an 
eighth embodiment of the invention; and Fig. 9 an 
explanatory drawing to typically illustrate an apparatus 
for generating compression waves in a conductive liquid 
as a ninth embodiment of the invention. 
[0025] First, the first embodiment will be discussed. 
As shown in Fig. 1, the apparatus for generating com- 
pression waves comprises a vessel 2 containing a con- 
ductive liquid 1 (for example, molten metals, plastics, 
high-temperature liquid semiconductors, or ceramics, 
etc.), and an ac magnetic field generating electromag- 
netic coil 3 installed around the circumference of the 



vessel 2 as an ac electromagnetic force applying 
means, whereby a vertical ac magnetic field B AC can be 
generated. 

[0026] And, in order to efficiently generate the com- 
s pression waves in the conductive liquid 1 contained in 
the vessel 2, a frequency f of an ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by a frequency controller 5 within the range given 
by the [expression 1]. 

10 

2 

— - — ^ f 2i C J X ° [expression 1] 
L 2 nia 2K 

15 Here, 

f: frequency (a major frequency when a wave-form 
of an electromagnetic force is developed by the 
Fourier transform, in case of the wave-form 
20 being a non-sine wave) 

L: characteristic length of the system (for example, 
a depth, a radius of the vessel containing the 
conductive liquid) 

[i: permeability of the conductive liquid 
25 a: electric conductivity of the conductive liquid 

c: propagation velocity of the compression waves 
in the conductive liquid 

[0027] The reason why the frequency f is set within 
30 the foregoing range is as follows. That, is, the range 
where an electromagnetic force acts on a conductive 
liquid practically covers a depth from the surface, which 
is known as the depth of electromagnetic penetration. 
Provided that this depth of electromagnetic penetration 
35 is greater than the characteristic length L of the system, 
the electromagnetic force will not be generated effi- 
ciently. Therefore, to efficiently generate the compres- 
sion waves, it is necessary to make the depth of 
electromagnetic penetration smaller than the character- 
40 istic length L of the system. This condition is given by 
the [expression 2]. 

— ? — ^ f [expression 2] 

L 2 n\io 

45 

[0028] On the other hand, a wavelength in a higher 
frequency region can be smaller than the depth of elec- 
tromagnetic penetration. Under this condition, the com- 
50 pression waves cannot efficiently be generated. 
Therefore, to efficiently generate the compression 
waves, it is necessary to make the depth of electromag- 
netic penetration greater than the wavelength of the 
compression waves. This is given by the [expression 3]. 

55 

2 

f ^ fLM [expression 3] 
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[0029] In the foregoing apparatus for generating 
compression waves in a conductive liquid as the first 
embodiment, the ac frequency f of the ac electromag- 
netic force applying means that generates the compres- 
sion waves in the conductive liquid 1 contained in the 
vessel 2 is set within an appropriate range by the afore- 
mentioned reason, and the compression waves can be 
generated with a sufficient strength accordingly. 
Thereby, degassing of the conductive liquid and micro 
structuring of the tissues are effectively processed, and 
material improvement after the solidification of the liquid 
will be brought about efficiently. 

[0030] And, since the ac electromagnetic force 
applying means is installed around the circumference of 
the vessel 2 as the ac magnetic field generating electro- 
magnetic coil 3, the generation of the compression 
waves in the conductive liquid contained in the vessel 
will be carried out with a simplified construction and a 
low cost. 

[0031 ] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the second embod- 
iment of the invention will be described. As shown in 
Fig. 2, also in this embodiment, the apparatus com- 
prises the vessel 2 containing the conductive liquid 1 
(for example, molten metals or plastics, etc.), and the ac 
magnetic field generating electromagnetic coil 3 
installed around the circumference of the vessel 2 as 
the ac electromagnetic force applying means, whereby 
the ac magnetic field B AC can be generated vertically. 
[0032] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by the frequency controller 5 within the range 
given by the [expression 1 ]. 

[0033] In this second embodiment, a dc magnetic 
field generating electromagnetic coil 6 is further 
installed so as to surround the circumference of the ves- 
sel 2 and the ac magnetic field generating electromag- 
netic coil 3, whereby a vertical dc magnetic field Bqc 
can be generated which passes through the conductive 
liquid 1 . 

[0034] In the second embodiment, the superimposi- 
tion of the ac magnetic field generating electromagnetic 
coil 3 and the dc magnetic field generating electromag- 
netic coil 6 effects a still stronger generation of the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2. Thereby, improvement of the tissues after 
the solidification of the liquid and enhancement of the 
refining capabilities will sufficiently be accomplished. 
[0035] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the third embodi- 
ment of the invention will be described. As shown in Fig. 
3, also in this embodiment, the apparatus comprises the 
vessel 2 containing the conductive liquid 1 (for example, 
molten metals or plastics, etc.), and the ac magnetic 
field generating electromagnetic coil 3 installed around 
the circumference of the vessel 2 as the ac electromag- 



netic force applying means, whereby the ac magnetic 
field Bag can be generated vertically. 
[0036] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
5 the vessel 2, the frequency f of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0037] And, the dc magnetic field generating elec- 

10 tromagnetic coil 6 is further installed so as to surround 
the circumference of the vessel 2 and the ac magnetic 
field generating electromagnetic coil 3, whereby the ver- 
tical dc magnetic field B DC can be generated which 
passes through the conductive liquid 1 . However, in this 

15 third embodiment, the dc magnetic field generating 
electromagnetic coil 6 is configured to function as a 
superconducting magnet by a cooling means 6a being a 
double cylindrical wall-formed container that contains a 
very low temperature liquid such as a liquefied helium to 

20 soak the electromagnetic coil 6. And, the vessel 2 con- 
taining the conductive liquid 1 and the ac magnetic field 
generating electromagnetic coil 3 are inserted in the 
bore of this superconducting magnet. 
[0038] Thereby, the superimposition effect by the ac 

25 magnetic field generating electromagnetic coil 3 and the 
superconducting magnet 6, 6a generates more intensi- 
fied compression waves in the conductive liquid 1, for 
example a molten iron, thereby leading to improvement 
of the material after the solidification of the liquid still 

30 more efficiently. 

[0039] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the fourth embodi- 
ment of the invention will be described. As shown in Fig. 
4, the apparatus comprises the vessel 2 containing the 

35 conductive liquid 1 (for example, molten metals or plas- 
tics, etc.), and a pair of electrodes 7, 7 mounted on the 
circumferential wall of the vessel 2 as the ac electro- 
magnetic force applying means, whereby an alternate 
current J AC can be flown through the conductive liquid 

40 1. 

[0040] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
connected to the electrodes 7, 7 is set by the frequency 

45 controller 5 within the range given by the [expression 1]. 
[0041] Since the apparatus for generating compres- 
sion waves in a conductive liquid as the fourth embodi- 
ment does not require the ac magnetic field generating 
electromagnetic coil, the total construction of the appa- 

so ratus will be simplified remarkably. And in addition, the 
compression waves can be generated efficiently in the 
conductive liquid 1 contained in the vessel 2. by setting 
the frequency f of the applied alternate current within 
the range given by the [expression 1], based on the 

55 aforementioned reason; thus contributing to improve- 
ment of the material after solidification of the liquid 1 . 
[0042] In this embodiment, when the conductive liq- 
uid 1 is a high-temperature molten metal, the material of 
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the electrodes 7 is required to be resistant to a high tem- 
perature as well as being conductive, and the elec- 
trodes 7 are made up with, for example, ZrB 2 made of 
boron and zirconium. 

[0043] Next, the fifth embodiment of the invention 5 
will be described. As shown in Fig. 5, the apparatus of 
this embodiment comprises, basically in the same man- 
ner as in the fourth embodiment, the vessel 2 containing 
the conductive liquid 1 , and a pair of the electrodes 7, 7 
mounted on the circumferential wall of the vessel 2 as 10 
the ac electromagnetic force applying means, whereby 
the alternate current J A c can be flown through the con- 
ductive liquid 1. 

[0044] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 15 
the vessel 2, the frequency f of the ac power supply 4 
connected to the electrodes 7, 7 is set by the frequency 
controller 5 within the range given by the [expression 1]. 
[0045] In this fifth embodiment, the dc magnetic 
field generating electromagnetic coil 6 is further 20 
installed so as to surround the circumference of the ves- 
sel 2, whereby the vertical dc magnetic field B DC can be 
generated which passes through the conductive liquid 
1. 

[0046] Thus, according to the fifth embodiment, the 25 
superimposition of the alternate current flowing 
through the conductive liquid 1 and the vertical dc mag- 
netic field Bqc effects a still stronger generation of the 
compression waves in the conductive liquid 1 contained 
in the vessel 2. Thereby, improvement of the tissues 30 
after the solidification of the conductive liquid 1 and 
enhancement of the refining capabilities will sufficiently 
be accomplished. 

[0047] Further, in the sixth embodiment of the 
invention shown in Fig. 6, compared with the fifth 35 
embodiment in Fig. 5, the dc magnetic field generating 
electromagnetic coil 6 is configured to function as a 
superconducting magnet by the cooling means 6a being 
a double cylindrical wall-formed container that contains 
a very low temperature liquid such as a liquefied helium. 40 
And, the vessel 2 containing the conductive liquid 1 and 
provided with the eletrodes 7 is inserted in the bore of 
this superconducting magnet. 

[0048] Thereby, the synergistic effect by the alter- 
nate current J AC applied to the conductive liquid 1 and 45 
the dc magnetic field B DC generated by the supercon- 
ducting magnet 6, 6a generates more intensified com- 
pression waves in the conductive liquid 1 , such as a 
molten iron, thereby achieving improvement of the 
material after the solidification of the conductive liquid 1 so 
still more efficiently. 

[0049] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the seventh embod- 
iment of the invention will be described. As shown in 
Fig. 7, the vessel 2 containing the conductive liquid 1 is 55 
formed of ceramics as magnesia (MgO), and a metal 
reinforcing material 8 (reinforcing metal plate in this 
embodiment) is applied to the circumference of the ves- 



sel 2. 

[0050] Further, the ac magnetic field generating 
electromagnetic coil 3 as the ac electromagnetic force 
applying means is disposed overlying the vessel 2, so 
as to generate the vertical ac magnetic field B AC effi- 
ciently without being influenced by the metal reinforcing 
material 8. 

[0051] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0052] The apparatus for generating compression 
waves in a conductive liquid as the seventh embodi- 
ment, while the ceramic vessel 2 maintains a sufficient 
strength given by the metal reinforcing material 8, is 
able to generate intensified compression waves in the 
conductive liquid 1 without being influenced by the 
metal reinforcing material 8 by the ac magnetic field 
generating electromagnetic coil 3 disposed to overlie 
the vessel 2. Thus, material improvement after the solid- 
ification of the conductive liquid 1 will be accomplished 
by degassing of the conductive liquid 1 and micro struc- 
turing of the tissues. 

[0053] Further, in addition to the magnesia having 
the melting point of 2800°C, the vessel 2 can employ as 
a material alumina (Al 2 0 3 , melting point 2080°C), silica 
(Si0 2 , melting point 171 0°C), or the like. For example, it 
is possible to contain a molten silica as a conductive liq- 
uid in a vessel made of a magnesia and apply a treat- 
ment to the liquid by means of the compression waves 
accordingly. 

[0054] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the eighth embodi- 
ment of the invention will be described. As shown in Fig. 
8, the apparatus of this embodiment comprises, in the 
same manner as in the seventh embodiment, the 
ceramic vessel 2 with the metal reinforcing material 8, 
which contains the conductive liquid 1 , and the ac mag- 
netic field generating electromagnetic coil 3 overlying 
the vessel 2 as the ac electromagnetic force applying 
means, whereby the vertical ac magnetic field B A c can 
be generated. 

[0055] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0056] In this eighth embodiment, the dc magnetic 
field generating electromagnetic coil 6 is further 
installed so as to surround a part or the whole of the 
vessel 2 and the ac magnetic field generating electro- 
magnetic coil 3, whereby the vertical dc magnetic field 
B DC can be generated which passes inside the conduc- 
tive liquid 1. 

[0057] In the eighth embodiment, the superimposi- 



6 



BNSDCCID: <BP 1091008A1 J_> 



11 



EP 1 091 008 A1 



12 



tion of the ac magnetic field generating electromagnetic 
coil 3 and the dc magnetic field generating electromag- 
netic coil 6 effects a still stronger generation of the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2. Thereby, improvement of the tissues after 5 
the solidification of the conductive liquid 1 and enhance- 
ment of the refining capabilities will sufficiently be 
accomplished. 

[0058] Further, in the same manner as the seventh 
embodiment, the strength of the ceramic vessel 2 for 10 
containing a high temperature conductive liquid 1 can 
be increased sufficiently by the metal reinforcing mate- 
rial 8, and since the ac magnetic field generating elec- 
tromagnetic coil 3 is disposed overlying the vessel 2, the 
electromagnetic effect of the coil 3 cannot be influenced 15 
by the metal reinforcing material 8. 
[0059] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as the ninth embodi- 
ment of the invention will be described. As shown in Fig. 
9, the apparatus of this embodiment also comprises the 20 
ceramic vessel 2 with the metal reinforcing material 8, 
which contains the conductive liquid 1 (molten metals or 
plastics, etc.), and the ac magnetic field generating 
electromagnetic coil 3 overlying the vessel 2 as the ac 
electromagnetic force applying means, whereby the 25 
vertical ac magnetic field B AC can be generated. 
[0060] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in - 
the vessel 2, the frequency f of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 30 
is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0061] Further, the dc magnetic field generating 
electromagnetic coil 6 is installed so as to surround the 
circumference of the vessel 2 and the ac magnetic field 35 
generating electromagnetic coil 3, whereby the vertical 
dc magnetic field B DC can be generated which passes 
inside the conductive liquid 1; however in the ninth 
embodiment, the dc magnetic field generating electro- 
magnetic coil 6 is configured to function as a supercon- 40 
ducting magnet by the cooling means 6a being a double 
cylindrical wall-formed container that contains a very 
low temperature liquid such as a liquefied helium to 
soak the electromagnetic coil 6. And, the vessel 2 con- 
taining the conductive liquid 1 and the ac magnetic field 45 
generating electromagnetic coil 3 are inserted in the 
bore of this superconducting magnet. 
[0062] Thereby, the supe rim position effect by the ac 
magnetic field generating electromagnetic coil 3 and the 
superconducting magnet 6, 6a generates more intensi- 50 
fied compression waves in the conductive liquid 1, for 
example a molten iron, thereby leading to improvement 
of the material after the solidification, of the conductive 
liquid 1 still more efficiently. 

[0063] As the invention has been described in 55 
detail, the apparatus for generating compression waves 
in a conductive liquid according to the invention will 
achieve the following effects. 



(1) Since the ac frequency of the ac electromag- 
netic force applying means that generates the com- 
pression waves in a conductive liquid contained in a 
vessel is set within an appropriate range, the com- 
pression waves can be generated with a sufficient 
strength, and thereby, degassing of the conductive 
liquid and micro structuring of the tissues are 
effected, and material improvement after the solidi- 
fication of the conductive liquid is carried out effi- 
ciently. 

(2) When the ac magnetic field generating electro- 
magnetic coil as the ac electromagnetic force 
applying means is installed around the circumfer- 
ence of the vessel, the compression waves are 
generated in the conductive liquid contained in the 
vessel with a simplified construction and a low cost. 

(3) When, in addition to the ac magnetic field gener- 
ating electromagnetic coil, a dc magnetic field gen- 
erating electromagnetic coil is further installed 
around the circumference of the vessel, the super- 
imposition of both the electromagnetic coils effects 
a stronger generation of the compression waves in 
the conductive liquid contained in the vessel, and 
thereby, enhancement of the refining capabilities of 
the conductive liquid and improvement of the tis- 
sues after the solidification of the liquid is suffi- 
ciently accomplished. 

(4) When the dc magnetic field generating electro- 
magnetic coil is made up with a superconducting 
magnet, and the vessel and the ac magnetic field 
generating electromagnetic coil are inserted in the 
bore of the superconducting magnet, the superim- 
position of both the dc magnetic field generating 
electromagnetic coil as the superconducting mag- 
net and the ac magnetic field generating electro- 
magnetic coil effects a still stronger generation of 
the compression waves in the conductive liquid 
contained in the vesse 1 , and still more efficient 
improvement of the material after the solidification 
of the conductive liquid is achieved. 

(5) When the ac electromagn3tic force applying 
means is made up with a pair of electrodes that are 
installed at positions on a circumferential wall of the 
vessel facing to each other so as to energize the 
conductive liquid in the vessel and the ac power 
supply connected to the electrodes, and further- 
more the dc magnetic field generating electromag- 
netic coil is installed around the circumference of 
the vessel, the ac magnetic field generating electro- 
magnetic coil is not required; and accordingly, the 
total construction of the apparatus is simplified 
remarkably, and in addition, the compression waves 
is generated efficiently in the conductive liquid con- 
tained in the vessel so as to contribute to material 
improvement after the solidification of the liquid. 

(6) Also in case of (5), when the dc magnetic field 
generating electromagnetic coil is made up with a 
superconducting magnet, in the bore of which is 
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inserted the vessel with the electrodes, the effect of 
a strong electromagnetic force by the dc magnetic 
field generating electromagnetic coil as the super- 
conducting magnet is superimposed on the effect 
by the ac electromagnetic force applying mean by a 5 
pair of the electrodes, which generates the com- 
pression waves still more effectively in the conduc- 
tive liquid contained in the vessel, and thereby 
material improvement after the solidification of the 
liquid is achieved. w 

(7) In case that the vessel is formed of ceramics 
resistant to a high temperature and reinforced by a 
metal reinforcing material on the circumference of 
the vessel, when the ac magnetic field generating 
electromagnetic coil is provided to overlie the ves- 15 
sel so that the electromagnetic effect of the coil is 
designed not to be influenced by the metal reinforc- 
ing material, it is possible to satisfy both the vessel 
maintaining a sufficient strength and a strong gen- 
eration of the compression waves in the vessel. 20 

(8) In case of (7), when an electromagnetic coil 
generating a strong dc magnetic field is provided 
around the circumference of the vessel, the super- 
imposition effect by association with the ac mag- 
netic field generating electromagnetic coil 25 
intensifies generation of the compression waves in 

the conductive liquid contained in the vessel, 
thereby improving the material after the solidifica- 
tion of the liquid more effectively. 

(9) In case of (8), when the dc magnetic field gener- 30 
ating electromagnetic coil is made up with a super- 
conducting magnet, a still stronger generation of 

the compression waves in the conductive liquid 
contained in the vessel is effected, and an effective 
material improvement after the solidification of the 35 
liquid is accomplished more efficiently. 

Claims 

1. An apparatus for generating compression waves in 40 
a conductive liquid, comprising a vessel containing 
a conductive liquid and an ac electromagnetic force 
applying means that generates the compression 
waves in the conductive liquid contained in the ves- 
sel, wherein an ac frequency f of the ac electromag- 45 
netic force applying means is set within a range 
given by the following [expression 1J: 

2 

— - — ^ f ^ C J lG [expression 1] 50 
L 2 nixo 2n 

here, 

f: frequency (a major frequency when a wave- 55 
form of an electromagnetic force is devel- 
oped by the Fourier transform, in case of the 
wave-form being a non-sine wave) 



L: characteristic length of the system (for 
example, a depth, a radius of the vessel con- 
taining the conductive liquid) 
\i: permeability of the conductive liquid 
a: electric conductivity of the conductive liquid 
c: propagation velocity of the compression 
waves in the conductive liquid. 

2. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 1, wherein 
the ac electromagnetic force applying means is an 
ac magnetic field generating electromagnetic coil, 
which is provided around a circumference of the 
vessel. 

3. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 2, wherein 
a dc magnetic field generating electromagnetic coil 
is provided around the circumference of the vessel. 

4. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 3, wherein 
the dc magnetic field generating electromagnetic 
coil is a superconducting magnet, and the vessel 
and the ac magnetic field generating electromag- 
netic coil are inserted in a bore of the supercon- 
ducting magnet. 

5. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 1 , wherein 
the ac electromagnetic force applying means com- 
prises a pair of electrodes that are installed at posi- 
tions on a circumferential wall of the vessel facing to 
each other so as to energize the conductive liquid, 
and an ac power supply connected to the elec- 
trodes. 

6. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 5, wherein 
a dc magnetic field generating electromagnetic coil 
is provided around the circumference of the vessel 
provided with the electrodes. 

7. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 6, wherein 
the dc magnetic field generating electromagnetic 
coil is a superconducting magnet, and the vessel 
with a pair of the electrodes is inserted in a bore of 
the superconducting magnet. 

8. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 1 , wherein 
the vessel is formed of ceramics and provided with 
a metal reinforcing material on the circumference 
thereof, and an ac magnetic field generating elec- 
tromagnetic coil as the ac electromagnetic force 
applying means is provided overlying the vessel. 



50 



BNSDCCID: <EP 1091008A1_I_> 



15 EP 1 091 008 A1 16 

9. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 8, wherein 
a dc magnetic field generating electromagnetic coil 
is provided around the circumference of the vessel. 

5 

10. An apparatus for generating compression waves in 
a conductive liquid, as claimed in Claim 9, wherein 
the dc magnetic field generating electromagnetic 
coil is a superconducting magnet, and the vessel is 
inserted in a bore of the superconducting magnet. 10 
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